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Measurements of the rnagnetic f l e l d s  i n  the  d i s t an t  geomagnetic 

cavi ty  and i n  the region of in te rac t ion  between the so l a r  wind and 

the  magnetosphere a r e  described. These measurements were obtained 

on 11 March, 1960 with instruments aboard the interplanetary probe, 

Pioneer 5 ,  i n  the region between 5.2 and 15.4 Re and between 1500 

and 1700. local  time. 

15.4 R e  &e 'fouind t o  be consistent with a geomagnetic boundary 

The observations obtained between 5.2 and 

region which exh ib i t s  an enhanced f i e l d  j u s t  ins ide  the geo- 

magnetic cavi ty ,  and beyond t h e  cavi ty ,  a region of disordered 

f i e l d s  i n  which. both the mew-f ie ld  and the ,mpli tude of the f i e i d  

vaEiations decrease i v i  t h  increasing geocentric distance Evidence 

for the extension of  an in te rac t ion  region t o  a t  l e a s t  25.6 Re along 

the spacecraft  t ra jec tory  on the day of the launch is presented. 

The observations arc compared t o  two models for t h i s  in te rac t ion  

& r e  ,i on. 
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CHARACTEBISTICS OF THE REGION OF INTERACTIOPJ BETWm THE INTER- 

PLANETARY PLASMA AND THE GEOMAGNETIC FIELD: PIONEER 5 

Tntroduc t i o n  

On March 11 and 12, 1960, observations of the magnetic 

f i e l d s  i n  the v i c i n i t y  of  the boundary between interplanetary 

space and the geomagnetic f i e l d  were obtained with a magnetometer 

aboard the  interplanetary space probe, Pioneer 5. This a r t i c l e  

is intended t o  supplement a preliminary report  (Coleman, Sonett, 

Judge, and Smith, 1960) on these measurements, 

s iderable  discussion i n  the l i t e r a t u r e  has concerned models of  

tiiis boundary ;L" xi te rac t ion  regicn whiz91 include a co l l i s ion-  

f ree ,  standing shock wave on the sunward s ide  of t h i s  in te r face .  

Such a shock wa-re 5 3  considered a l ike -  y r e m i t  of the i n t z y a i t i m  

of  a supersonic so l a r  wind with the  e a r t h ' s  magnetosphere, Axford 

(1962) fo r  example, has suggestej  t h a t  "'the magnetic 'boundary' 

observed at a distance o f  13-14 Re (1 Re rad ius  of  ea r th )  during 

the f l i g h t s  of Pioneers 1 and 5 ,  was simply the  shock wave and 

not the termination of  the geomagnetic f i e l d  as had been suggested.1Y 

In the present paper i t  is  intended t o  descr ibe,  i n  somewhat 

grea te r  d e t a i l  the f i e l d  measurements from the first aays of the 

f l i g h t  of Pioneer 5 ,  t o  compare them with some of  the observations 

Recently con- 



obtained i n  t h i s  region by o t h p r  expericicnters, and t o  discuss 

these empirical r e s u l t s  i n  terms of various rnodels of t h i s  

in te rac t ion  region a t  the l i m i t s  of the magnetosphere. 

I n  t h e  course of the discussion it w i i l  become apparent 

that the greatest d i f f i cu l ty  encountared i n  GC attempt t o  

reconcile these measurements with the shock L:~:VC r-.odc1 f 

associated with the data obtained a t  22.0 Re aqd 25.4 Re. 

the t ra jec tory  of Pioneer 5 ,  the boundary between the geomagnetic 

f i e l d  and the in te r face  region, a region characterized by 

disordered f i e l d s  w a s  located eor:csik re between 8.5 and 10.5 Re 

There is some indication o f t h e  presence of  a second boundary of 

a d i f fe ren t  type between 15.1 and 22.0 Re. 

recently presented shock wave models, the shock f ron t  is located 

approximately i n  this range of distances from the ear th  a t  the 

l o c a l  time corresponding to the posi t ion o f  Pioneer 5* 

from the f ron t ,  c? a upersonic solar wind, unaffected by any 

phenomena associated with the magnetosphere is expected. 

the data from the Pioneer 5 f l i g h t  provided some evidence f o r  

geocentric e f f e c t s  beyond this expected range of shock front 

locat ions and, i n f a c t ,  beyond 25 Re. This evidence, obtained 

from a comparison of the observations at 22 and 25 Re  with those 

a t  geocentric dis tances  beyond 26 Re, w i l l  a l s o  be described. 

Along 

I n  most of the more 

Upstream 

However, 
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Trajectory and Orientation Data 

Pioneer 5 w a s  launched from Cape Canaveral, Florida a t  

1300 GMT on 11 March, 1960, The e s sen t i a l  features  of the 

t ra jec tory  of the spacecraft are shown i n  Figures 1 and 2. 

In the former f igure,  the t ra jec tory  is shown projected upon 

the XY-plane (the plane of  the e a r t h ' s  equator) and the YZ-plane 

of the rectangular i n e r t i a l  coordinate system, centered at 

e a r t h ' s  center,  with the X - a x i s  posi t ive toward the vernal 

equinox of date and the Z-axis posi t ive toward the north pole 

of the ea r th ' s  axis., 

of the XY-plane of the earth-sun vector and the earth-spacecraft 

vector during the more distant  position o f  the near-earth tra- 

jectory is  almost 70°0 Thus, the local  t - % m e  of the spacecraft 

posit ion during most. of chis portion of the f i i g h t  was about 

16:40. 

region of the geomagnetic field, the sun-earth-spacecraft angle 

ranged from 50" t o  t h i s  70° l i m i t ,  

over which the spacecraft transmitted information a r e  indicated 

i n  Figure 1 by the heavier sections of the t ra jec tory  projections,  

In  Figure 2,  the geomagnetic l a t i t u d e  is plot ted versus geo- 

centr ic  range for  the near-earth portion of the Pioneer 5 t ra jec tory ,  

Note that the angle between the projections 

In  the period during which Pioneer 5 traversed the boundary 

Portions of' the t ra jec tory  

i 
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The sp in 'ax is  of Pioneer 5 l ay  nearly parallel t o  the 

e c l i p t i c  plane, 

to the ec l ip t i c ,  I n i t i a l l y ,  the angle between the spin axis 

:.e., a t  an angle o f  about 880 with the normal 

and the sun-earth l i n e  w a s  about 23O. 
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Magnetometer and Telemetry Systems 

The sensing element of the  magnetometer aboard Pioneer 5 

was a multi-turn c o i l ,  fixed i n  the spacecraft ,  The space- 

c r a f t  w a s  s t ab i l i zed  by a ro ta t ion  about its axis of f igure  

a t  a r a t e  of 2 , b  revolutions per second. 

ro t a t ion  of the c o i l  i n  a constant ambient magnetic f i e l d  

would generate a sinusoidal e o m s f o p  the amplitude af which 

would be proportional t o  the magnetic f i e l d  component, transverse 

to  the axis of ro t a t ion  of the spacecraft ,  

c o i l  w a s  amplified and r ec t i f i ed .  

automatic gain control  which provided a reduced s e n s i t i v i t y  

with increased magnitude of the measured component of the f i e l d ,  

The low-pass r e s p n s e ,  t o  f i e l d  var ia t ions ,  a t  the output of the 

instrument exhibited a half-power p i n t  a t  abaut 0.23 cps, 

mean f i e l d  equivalent noise l e v e l  was below 1 y (1 y = 

The rms f i e l d  equivalent noise amplitude was lesfi than 0,2 ye  

magnetometer, including the arnpllfiers,  and other associated 

e lec t ronic  c i r c u i t r y ,  has been described i n  d e t a i l  by Judge, 

McLeod, and Sims (1960). 

The r e su l t i ng  

The signal from the 

The amplif ier  contained an 

The 

gauss), 

The 

The voltage l eve l  of  the r e c t i f i e d  s igna l  from t.he mag- 

netometer was converted in to  numbers between 1 and 64 f o r  trans- 

mission by the d i g i t a l  telemetry system, The ranges of f i e l d  
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component values corresponding t o  Channel-Numbers 27-39 a r e  

shown on the right-hand s ides  of the p l o t s  of  Pioneer 5 data 

i n  Figure 4, 

In order t o  more e f f i c i e n t l y  use the transmitted signal., 

information was transmitted a t  three r a t e s ,  64, 8, and 1 b i t s  

per second, depending, for a pa r t i cu la r  transmission, upon the 

distance of the  spacecraft  from the ea r th  and upon the s i z e  of the 

receiving antenna at the receiving s t a t i o n  which had the space- 

c r a f t  i n  view. Corresponding t o  these data  r a t e s ,  the sampling 

r a t e s  fo r  the  r e c t i f i e d  magnetometer output voltage were one 

sample per 105, 12, and 96 seconds, respect ively,  

The telemetry system aboard Pioneer 5 provided useful  

data from the magnetometer between March 11 and May 18, 1960, 

During this 68-day in t e rva l ,  approximately 295 periods of d a t a  

transmissions were recorded. 

Table 1 shows the d is t r ibu t ion  of the transmission periods a t  

various r a t e s  over the period of  f l i gh t .  

These periods average 20 minutes, 



Observations t o  26 Re 

The larger-scale features of the observations obtained i n  

the v i c in i ty  of  the geomagnetic f i e l d  boundary during the 

Pioneer 5 f l i g h t  a r e  shown i n  Figure 3. 

the figure consist  of averages, over 40 measurements, of f i e l d  

measurements which were taken every 1.5 seconds, i o e e ,  averages 

over one-minute. Note that flags are used t o  represent the 

averages obtained during Transmissions 2 and 3. 

the s i z e  of the flag corresponds t o  the range of f i e l d  values 

covered by a s ingle  channel. 

points when the corresponding channel number w a s  the only one 

recorded during a par t icular  one-minute. 

The data plot ted i n  

In  each case, 

The flags are used ra ther  than 

Also, i n  Figure 3,  the observed values of the measured 

component of the f i e l d  a re  compared t o  those computed from the 

eccentric dipole model of the geomagnetic f i e l d  which has been 

described by Vestine (1953) and which is based upon a spherical  

harmonic expansion of degree three calculated for  the surface 

f i e l d  by Vestine and Lange. 

the measured f i e l d  component was somewhat less than tha t  expected 

from Vestine's model. This e f fec t  which could be the r e s u l t  

From 5.4 Re t o  a t  l e a s t  6.1 R e ,  
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of a s l igh t ly  d is tor ted  f i e l d  a t  these distances and locat ions 

r e l a t i v e  t o  the sub-solar point ,  has  been discussed i n  a pre- 

vious report  (Smith, Coleman, Judge, and Sonett, 1960)~ 

The data shown i n  Figure 3 indicate t h a t ,  between 6.1 and 

7.8 Re, the measured component became greater  than the values 

predicted and remained greater  than expected t o  a t  l e a s t  15.1 

Re. Since data were not transmitted continuously, t h i s  s i t ua t ion  

is infer red  from the f ac t  that the measured values were greater  

than expected throughout the 3rd,  4th,  and 5 t h  transmissions 

of data from the spacecraft. 

During Transmissions 2 and 3, as a r e s u l t  of the operation 

of the  automatic gain control ,  the sens i t i v i ty  of the magneto- 

meter w a s  considerably reduced, The e f f ec t  is apparent from 

the s i ze  of the flags i n  Figure 3 and from the f i e l d  ranges 

corresponding t o  the various channels shown i n  Figure 4. 

ever, from the manner i n  which the t r ans i t i ons  occurred between 

Channels 36, 37, 38, and 39 during Transmission 2 and between 

Channels 33 and 34 during Transmission 3, an approximate upper 

l i m i t  may be placed upon the peak-to-peak magnitude of fluct- 

uations which could have escaped def in i te  detection during these 

How- 
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periods of observation. This l i m i t  is about 17 y. Thus, even 

r e l a t ive ly  large-amplitude var ia t ions i n  the magnetic f i e l d ,  e,g. 

var ia t ions of the type frequently observed a t  such distances 

during the  f l i g h t  of Explorer V I  (Judge and Coleman, 19621, could 

have escaped observation. Of course, comparatively small-amplitude 

f i e ld  var ia t ions of the type observed during the f l i g h t  of Pioneer P 

i n  t h i s  range of geocentric distances ( Sonett, Sims and Abrams, 

1963) would not have been detected by the magnetometer aboard 

Pioneer 5. 

The resul ts  from Pioneer 5 provided the f i r s t  measurement 

of the radial dimension of  the region of in te rac t ion  between 

the magnetosphere and the interplanetary medium, i e e o ,  the region 

of f luctuat ing magnetic f i e lds  beyond the proper magnetosphere. 

Since the d e t a i l s  of  the observed f luctuat ions a r e  obscured by 

the scale  of time used in  Figure 3 ,  portions of Transmissions 

3-8 have been plotted on a6 expanded timescale i n  Figure 4. 

the r e s u l t s  shown i n  Figure 4,  i t  appears t h a t  the  observed 

disordered f i e l d s  extended from a distance somewhere between 

8.5 and 10.5 Re t o  a distance between 25.4 and 29.6 R e  along 

the t ra jec tory  of Pioneer 5, at l e a s t  on t h i s  par t icu lar  day. 

From 
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First, considering the mean values, denoted by m ,  as w e l l  

as the rms deviation from the means of the measured f i e l d s ,  

denoted b y o ,  assume f o r  the moment that these proper t ies  of  

the measured f i e l d s  exhibi t  the  e f f e c t s  of dependence upon distance 

from the ea r th ,  r a the r  than the  e f f e c t s  of  t r ans i en t  phenomena. 

Then the appearance of  the  d a t a  shown i n  Figures 3 and 4 suggests 

that the region of disordered f i e l d s  m a y  be divided i n t o  two 

sub-regions, one i n  which the measured average value of the f i e l d  

decreases with distance r from the  ea r th ,  and a second, more 

d i s t an t  subregion i n  which this average value i s  nearly in- 

dependent of  re 

read i ly  observed on the  logarithmic sca l e  shown i n  Figure 5. 

I n  the  nearer of the subregions, the f i e l d  decreases approxi- 

mately i n  proportion t o  r Note that this dependence upon 

r a l s o  appears t o  describe the measured f i e l d  between 8.0 Re 

and the inner boundary of  the in t e rac t ion  region, The deviat ion 

from the r -Io7 dependence o r ,  more spec i f i ca l ly ,  the absence of 

any detectable r a d i a l  dependence, exhibited by the measured 

averages from Transmissions 6 and 7 provide ind i r ec t  evidence 

fo r  the existence of  a boundary of  some s o r t  between 15*3 and 

21.8 Re dividing the region of disordered f i e l d s  i n t o  the two 

sub-regions j u s t  mentioned. 

The radial dependence of  the averages is more 

- '-; -? 
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Additional evidence for t h i s  divis ion is provided by 

a study of  the amplitude6 of the f luctuat ions observed i n  t h i s  

region which also exhibi t  a marked decrease between Transmissions 

4 and 7. !hie decrease is apparent from the graph of the  mean 

square deviatione calculated f o r  the f i e l d  var ia t ions  recorded 

during each tranemieeion. 

The difference i n  the t o t a l  power eetimated f o r  the records 

of Transmissions 4 and 5 would be consistent with a dependence 

upon r a d i a l  distance proportional t o  r-308. 

between the values of t h e  t o t a l  power obtained f o r  the records 

of Transmissions 6 and 7 is very small indicat ing a change i n  

the r ad ia l  dependence of t h i s  parameter between Transmissions 

5 and 60 This change i n  the r a d i a l  dependence of the fluctuation 

amplitudes provides additional ind i rec t  evidence for  a boundary 

between 1503 and 21.~8 Re. Estimates of the spectra of the ob- 

served f luctuat ions obtained from the records of Transmissions 

4, 5, 6, 7, 8,  and 9 are  plotted i n  Figure 6, 

were removed from the recorded data before the spec t ra l  estimates 

were calculated,  but no correction fo r  the t ransfer  function of 

the magnetometer was included. These r e s u l t s  w i l l  be discussed 

i n  more d e t a i l  i n  subsequent paragraphs. 

This graph is shown a l so  i n  Figure 5 .  

The difference 

Linear trends 

It is possible that a boundary of some type was a l so  crossed 

a t  about 14 Re by Pioneer 1. The evidence f o r  such an event 
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cons is t s  of a r e l a t ive ly  abrupt decrease i n  the mean value of 

the measured f i e l d  observed a t  about 14 Re on the t ra jectory 

of Pioneer 1, 

Judge, Sims, Kelso (1960); Sonett and Abrams (1963); and Sonett 

(1963); and has been a t t r i bu ted  by the  experimenters t o  the 

t raversa l  of the  outer boundary of the geomagnetic f i e l d  o r  of 

the region of in te rac t ion  between the geomagnetic f i e l d  and the 

interplanetary medium. 

traversed by Pioneer 5 during the period, between Transmissions 

5 and 6 ,  while the t ransmit ter  was o f f ,  thus accounting fo r  the 

abrupt decreases i n  the mean f i e ld  and mean square deviation 

from Transmission 5 t o  Transmission 6, 

T h i s  observation bas been described by Sonett, 

Such a boundary might well have been 

Pioneer 1 provided boundary measurements a t  about noon, 

l oca l  time, while Pioneer 5 transversed the region of i n t e r e s t  

between approximately 15~40 and 16A0, l oca l  time, o r  between 

50" and 70" on the a f t e rnom side of' the earth-sun l i n e ,  

Pioneer 1 may have crossed a boundary a t  about 14 Re, 

may have crossed one between 1503 and 2 ~ 8  Re,, 

s e t s  of observations indeed apply to  a boundary which is 

charac te r i s t ic  0; ihe magnetosphere, then the r e s u l t s  would be 

consistent with the presence of a boundary which e x h i b i t s  one 

property of the gross geometry expected of the shock f ront ,  i .e.,  

Pioneer 5 

3: these two 
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the property that the distances from the ear th  of locat ions 

along the boundary or f ront  increase with increasing distance 

from the subsolar point ,  or, more accurately,  from the stag- 

nation point. 

hyperbolic surface of revolution as the most l i k e l y  approxi- 

mation fo r  the shape of the shock front  i f  the magnetosphere 

is assumed to  be spherical  ir, +hp  r-' b - 7 1 - ~  \mis?here. From 

more r e a l i s t i c  models of the magnetosphere, e .&, ,  t h a t  of 

Beard (19601, some variat ion of  t h i s  shape a r e  expected. In  

theory, however, the most s ignif icant  differences associated 

with these non-spherical shapes is an increase i n  the stand- 

off distance of the shock wave. 

fo r  example, have described a shock wave boundary fo r  a so la r  

wind with a veloci ty  of 600 km/sec, a proton density of 2.5 cm13, 

and a magnetic f i e l d  of  5 y. 

i n  Figure 7. 

14.0 Re. Ass*uning approximate ro ta t iona l  symmetry about the 

l i n e ,  through ea r th ' s  center and p a r a l l e l  t o  the veloci ty  of 

the solar wind r e l a t ive  t o  the earth, t h e  t race is approximately 

tha t  i n  the plane of the t ra jec tory  of Pioneer 5 8  

is a l so  plot ted i n  the figure. 

which suggests that there existed a boundary between 15*3 and 

In  f a c t ,  most simple models indicate  a roughly 

Spre i te r  and Jones (19631, 

A t race  of t h i s  boundary is shown 

"he nose of t h i s  shock wave is located at about 

The t ra jec tory  

Note that the data from Pioneer 5 
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z1.u ae a re  consis tent  with t h i s  model. 

been discussed by Spre i te r  and Jones. However, the f luc tua t ions  

observed beyond 21.8 R e ,  t o  a t  l e a s t  25*5 Re, appear t o  be 

inconsis tent  with the straightforward in t e rp re t a t ion  of  t h i s  

boundary as a shock f ront  of  the type discussed i n  the model. 

This inconsistency will be discussed fur ther  i n  subsequent 

paragraphs. 

This consistency has 

The s a l i e n t  propert ies  of the magnetic f i e l d s  measured along 

the t r a j ec to ry  of Pioneer 5 i n  the v i c in i ty  of the  bomcinry of 

the magnetosphere may be summarized as follows: 

1) Beyond about 6 Re, the measured component of  the 

geomagnetic f i e l d  exceeded the expected values. The 

difference between the two increased with i.ncreasing r a d i a l  

distance from the  earth. The measured f i e l d  decreased 

approximately as r . -1.7 

2) 

3 and 4, a boundary between the comparatively regular ,  

although somewhat d i s tor ted  geomagnetic f i e l d  and a region 

characterized by disordered f i e l d s  was evidently traversed. 

While the t ransmit ter  w a s  o f f ,  between Transmissions 
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2) 

was located somewhere between 8,6 and 10.4 Re, 

(Continued) According t o  t h i s  observation the boundary 

3) 

f i e l d s ,  the mean value of  the measured component exh ib i t s  

the .-Ib7 dependence and the t o t a l  power i n  these f luc t -  

uations evidently decreases as r 

To a t  l e a s t  15.4 Re, i n  the region of disordered 

-3.2 
b 

4) 

5 and 6 ,  a second boundary of some s o r t  w a s  evidently 

traversed, Beyond t h i s  boundary, which would have been 

located between 15.4 and 21.8 Re disordered f i e l d s  of the 

same qua l i t a t ive  propert ies ,  but with f luc tua t ions  of  

smaller amplitudes about a mean value of the measured 

component of  approximately 4,6 y were observed, This 

s i t u a t i o n  evidently pers is ted t o  2506 R e ,  which w a s  the 

r a d i a l  distance from the ea r th  of Pioneer 5 at the end of 

Transmission 70 

exhibited by the mean values during Transmissions 6, 7, and 

80 

served during Transmission 7 r e l a t i v e  t o  those observed 

during Transmission 6 e 

While the t ransmit ter  w a s  o f f ,  between Transmissions 

No appreciable dependence upon r w a s  

There is a s l i g h t  decrease i n  the f luc tua t ions  ob- 
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5 )  

f ie ld  had steadied about an average value of 4*9 y at 

which value it held without detectable flvctuation through- 

out the tra~emieeion period, During Traaemission 9, an 

average value of 3,6 y w a s  recorded while the f i e l d  ex- 

hibited only relatively long period fluctuations of  small 

amplitude , 

A t  the beginning o f  Transmission 8,  a t  29,7 Re, the 

Subsequent measurements obtained with Explorer 12, by 

C a h i l l  and Amazeen (1.9631, leave l i t t l e  doubt t h a t  the r e s u l t s  

described i n  Items 1 and 2 a re  typ ica l  fo r  the  f i e l d s  i n  the vicin- 

i t y  of the boundary region of the geomagnetic f i e l d  on the  sub- 

so l a r  surface of the magnetosphere, The ea r th  s a t e l l i t e ,  Explorer 

12 traversed the boundary m a n y  times during its useful  l i f e  of 

several  months. 

25 minutes and an apogee of 13 Re. 

Its o r b i t  provided a period of 26 hours and 

F r o m  Item 3,  note tifiat the  inner  subregion of disordered 

f i e l d s  extended t o  a t  least 15.4 Re  a t  the time of the Pioneer 5 

observations. 

beyond the magnetosphere i n  a l l  the observations reported t o  date. 

A region of disordered f i e l d s  has been detected 

This region extended t o  at l e a s t  13-14 Re a t  the time of  the 
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Pioneer 1 f l igh t .  (Sonett, Judge, Sins, and Kelso, 1960). It 

is not ce r t a in  whether the outer extremity of the disordered region 

wa6 traversed a t  about 14 Re on this f l i g h t  o r  whether a boundary 

between subregions of the type j u s t  mentioned might have been 

encountered. 

Van Allen, and Cahill, 19633 indicate  that the region of f luc t -  

uating f ie ld6  evidently always extended to  a t  l e a s t  s a t e l l i t e  

apogee, 13 Re, on the Subsolar s ide  of the  magnetosphere, since 

no outer  l i m i t  was observed. 

Explorer 12 data [ C a h i l l  and Amazeen, 1963; fieeman, 

The confirmation by Explorer 12 data  of the Pioneer 5 

3 Re leaves as r e s u l t s  pertaining t o  the region within about 

the subject  fo r  a more speculative in te rpre ta t ion  the observations 

obtained beyond 13 Re with Pioneer 5. 

was made to  the e f f ec t  that the region of disordered f i e l d s  w a s  

divided in to  two subregions by a boundary between 15.4 and 

21.8 Re. 

has been discussed previously i n  t h i s  section. 

In Item 4, the suggestion 

The ind i rec t  evidence which supports t h i s  suggestion 

However, whether o r  not such a subdivision did ex is t ,  the 

question remains as t o  the source f o r  the r e l a t ive ly  shor t  period 

f luctuat ions i n  the measured f i e l d  component which were detected 
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near 22 and 25.4 Re. 'l!hatis, were these f luctuat ions a solar- 

interplanetary phenomenon o r  were they the r e s u l t  of the in t e r -  

act ion of the interplanetary medium and the magnetosphere even 

a t  these extreme geocentric ranges? 

The evidence from Pioneer 5 indicate6 that the l a t t e r  

This evidence was obtained poss ib i l i t y  is the more l ike ly ,  

from a comparison o f  the charac te r i s t ics  of the measured f i e l d  

observed during Transmissions 6 and 7 (which occurred a t  

approximately 22 and 25.4 Re, respectively) with the character- 

i s t i c s  of f ields observed in  interplanetary space during -7Ibsequent 

transmissions of data. This comparison is the subject of the 

next section. 



Observations beyond 26 Re. 

The records for Transmissions 6 and 7 were compared to the 

records of eighty-three subsequent periods of data transmissions. 

These record8 were obtained at a data rate of either 64 or 8 bits- 

per-second (bps). 

data were transmitted at 1 bps were not examined, since the 

usual transmission period did not permit the accumulation of 

numbers of field measurements great enough to provide values of 

the various quantities of interest with sufficient statistical 

accuracy. 

The records for the 203 periods during which 

The eighty-three transmission periods which were studied 

averaged 23 minutes in length, They were obtained between 11 

'March and 16 April, 1960, 

measured for about one hour per day, during this period, at the 

64 or 8 bps data rate. 

Thus, on the average, the fields were 

The distribution of these eighty-three 

periods, as well as others of their characteristics are shown 

in Table 2. 

As the first step in the comparison of these records with 

those from Transmissions 6 and 7, the mean value of the measured 

component of the magnetic field, m, and the root-mean-square (rms) 

deviation from the mean, u, were computed from each of the records. 

i 
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The values of m and u from Transmissions 6 and 7 which 

t 

provided data a t  the 64 bps rate were compared d i r ec t ly  with 

the values obtained from subsequent transmissions of data  a t  

the 64 bps rate. However, i n  order t o  compare measurements 

obtained during Transmissions 6 and 7 with measurements ob- 

tained from data  transmitted a t  the 8 bps rate, it was necessary 

t o  simulate the e f f e c t s  of the lower rate upon the data obtained 

during Transmissions 6 and 7. 

process 8 sets of the 'simulated' 8 bps data were obtained 

from each of Transmissions 6 and 7. 

w a s  simply the se lec t ion  of every 8~ datum point i n  the records 

obtained a t  64 bps t o  form sets of simulated 8 bps data. Thus, 

s ixteen sets of simulated 8 bps data ,  e ight  s e t s  from each of  

Transmissions 6 and 7, were obtained f o r  comparison d t h  the 

As a r e s u l t  of t h i s  simulation 

The simulation process 

ac tua l  8 bps data taken i n  interplanetary space. 

This procedure is considered va l id ,  since the analog 

signal presented by the magnetometer t o  the analog-to-digital 

converter aboard the spacecraft w a s  not affected by the change 

i n  data rate, nor w a s  the ac tua l  conversion process. Only the 

rate of magnetometer readout w a s  changed. Gvidence f o r  the 

va l id i ty  of this procedure is found i n  the reproducibi l i ty ,  over 

16 sets  of simulated data,  o f  the values of m and a. 



I 

I 

I 

! 

21 

I n  several  cases, the comparison of  

Transmissions 6 and 7,  obtained a t  e i t h e r  

the r e s u l t s  from 

64 bps o r  simulated 

8 bps, with those from subsequent transmissions a t  these data 

rates w a s  straightforward. 

cause the binary element corresponding t o  the least s igni f icant  

d i g i t  of  the binary element corresponding t o  the binary coded 

d i g i t a l  readout of the analog-to-digital converter f a i l e d  

t o  operate properly during some of the transmission periods. 

the f a i l u r e  mode, t h i s  uni t  always read "one''. Thus, only odd 

numbers were transmitted during the intermit tent  periods i n  which 

this f a i l u r e  occurred so  that, f o r  example, the ac tua l  values 

24 and 25 would be both transmitted as 25's. 

ef fec t ive ly  reduced the magnetometer s e n s i t i v i t y  by a f ac to r  of 

about two. The fac tor  var ies  as a r e s u l t  of the c h a r a c t e r i s t i c s  

of t he  magnetometer's automatic gain control. Any occurrence of  

t h i s  type of  f a i l u r e  w a s  easi ly  detected. because telemetered 

voltages pertaining to  the performance of c e r t a i n  spacecraft  

subsystems changed monotonically during each transmission 

period. Thus, during a period of  the binary f a i l u r e ,  the data  

corresponding t o  such voltages would show monotonic changes 

through adjacent odd numbers. 

between data from Transmissions 6 and 7 and data from other  

transmissions during which the f a i l u r e  was observed, the f a i l u r e  

However, one complication arose be- 

I n  

This f a i l u r e  

I n  order t o  permit comparisons 

i 
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w a s  simulated i n  the former da ta ,  obtained a t  e i t h e r  64 or 

simulated 8 bps, by simply changing a l l  recorded even numbers 

t o  the next highest  number. 

from the da ta  of Transmissions 6 and 7 by these processes are 

l i s t e d  in Table 3e 

simulated data ,  are l i s t e d  i n  four catagories  according t o  

the data rate and the  s t a t e  of  the in te rmi t tan t  binary element 

of the  analog-to-digital converter. Spec i f ica l ly ,  the 

catagories  are : 

8 bps Normal and 8 bps-Binary Inoperative,  

The values of  m a n d a  obtained 

Note tha t  the r e s u l t s  from both ac tua l  and 

64 bps-Normal , 64 bps-Binary Inoperative,  

Thus, the comparisons of the  values of  m and CJ were made 

i n  four catagories  as follows: 

1) 

d i r e c t l y  to values for Transmissions 6 and 7; Table 4. 

Values fo r  normal transmissions a t  t .  bps were compared 

2) 

binary f a i l u r e  occurred were compared t o  values obtained 

from Transmissions 6 and 7 by simulating the e f f e c t s  of the 

binary f a i l u r e ;  Table 5. 

Values for transmissions a t  64 bps during which the 

3 )  

t o  values obtained from Transmissions 6 and 7 by simulating 

the 8 bps data rate; Table 6. 

Values fo r  normal transmission at  8 bps were compared 
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4) 

binary failure occurred were compared t o  values obtained 

from Transmissions 6 and 7 by simulating both the 8 bps 

data r a t e  and the binary failure; Table 7. 

Values fo r  transmissions a t  8 bps during which the 

Because of the automatic gain control ,  which e f fec t ive ly  

reduced the sens i t i v i ty  o f  the magnetometer as the measured 

f i e l d  component increased i n  value, the comparison being con- 

sidered is useful only when the mean value of the measured 

component recorded during a par t icular  transmission w a s  less 

than about 7.4 o r  6 2  y depending, respectively,  upon whether o r  

not the fau l ty  binary was operating properly, 

greater than t h i s  value, the magnetometer s ens i t i v i ty  would 

have been reduced so tha t  var ia t ions with rms values of 2 y 

o r  so could have escaped detection. 

discussed i n  grea te r  d e t a i l  below. 

In  a f i e l d  much 

This problem w i l l  be 

The i n a b i l i t y  t o  compare periods during which the mean 

values of the measured component were r ea l t i ve ly  high may not 

be a severe drawback, however, because the mean value of this 

component appears t o  be a f a i r l y  accurate indicator  of the 

gross s t a t e  of t h e  interplanetary medium. 

measurements of the interplanetary f i e l d  from Pioneer 5 by 

Coleman, Sonett, and Davis (1961) ; Greenstadt (1961) ; and 

Studies of the 
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Greenstadt and Moreton (1962) have demonstrated t h i s  re la t ionship  

by the correlat ions between these measurements and various solar- 

t e r r e s t r i a l  phenomena. Thus, the occurrence of f luctuat ions 

of the type observed during h.ansmissions 6 and 7, i f  these 

f luctuat ions were an interplanetary phenomenon, would be more 

l i ke ly  when the conditions i n  interplanetary space were the 

same as the conditions during these transmission periods, and 

these condition6 would, i n  turn,  have been more l i k e l y  when the 

m e a n  value of the interplanetary f i e l d  w a s  about the same a s  

that recorded during these periods. 

h r c h  of i n t e r e s t  here included the recovery phase of a gradual 

commencement geomagnetic storm of moderate in t ens i ty  which 

began between 0400 and lo00 GMT on 11 March and ended between 

2200 on 11 March and 0100 on 12 March. (Lincoln, 1960). Due 

t o  this storm, 11 March was one of the f ive  disturbed days of 

the month. Values of the Kp index assigned t o  the consecutive 

3-hour periods which iqcluded the periods of Transmissions 3-9 

from Pioneer 5 are: 

Transmission 5 ;  30 for Transmissions 6 and 7; 2+ f o r  Trans- 

mission 8; and 20 fo r  transmission 9. 

The portion of  11 and 12 

5- for Transmissions 3 and 4; 4+ for 

Thus, the existence,  during Transmissions 6,  7, and 8 

of an interplanetary f i e l d  in tens i ty  somewhat grea te r  than the  



subsequently observed It quiet- timet1 
' ,  

the  occurrence of some, geomagnetic 

c 
value 'is consistent with 

a c t i v i t y  during the period of 

the observations. It should be mentioned that the mean f i e l d  

strength,  rn = 3.6 y, measured during Tranmnission 9, was 

closer  t o  the usual quiet-time value of about 2.7 y. 

This transmission occurred between 0500 and 0520 GMT on 12 &arch 

at which t i m e  the spacecraft  was some 220,000 Km. from the 

ear th  and the geomagnetic ac t iv i ty  had decreased somewhat 

so that the assigned value of  Kp f o r  the period was 20 as in- 

dicated above. Evidently then, conditions i n  interplanetary 

space near the ear th  during Transmissions 6 and 7 might be 

characterized, according t o  the Kp indices ,  as only s l i g h t l y  

disturbed. 

The values of m and cr for  the f ive  periods of normal data 

transmission a t  64 bps, subsequent t o  Transmissions 6 and 7 

are contained i n  Table 4. All f ive  records showed values of 

0 which were samller by factors  of a t  l e a s t  2 than those for  

5ransmissions 6 and 7, and values of m 4.8 y. Such values 

indicate  the absence of f luctuat ions of  the magnitudes detected 

during Periods 6 and 7. The d i f fe ren t  propert ies  of the f i e l d  

var ia t ions recorded during Transmissions subsequent to  6 and 7 

are  even more evident i n  estimates of the power spectra  which 
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have been calculated from the records. 

spectra  of Transmissions 6 and 7 with those of Transmissions 

8 and 9 may be made i n  Figure 6, 

A comparison of the 

The l a t t e r  pair exhib i t  spectra  

which are typ ica l  o f  those obtained f o r  the other  three trans- 

missions during which normal operation at  the 64 bps r a t e  w a s  

obtained. 

the records of Transmissions 8 and 9 and the l o c a l  maxima a t  

this same frequency i n  the spectra  from !bansmissions 6 and 

7. 

they were from the values of 0, 

recurrence of f i e l d  f luc tua t ions  such as those recorded during 

Transmissions 6 and 7 can be found i n  the subsequently obtained 

normal 64 P:s data. 

Note the  l o c a l  minima a t  .06 cps i n  the spec t ra  from 

The difference6 i n  the t o t a l  power are again apparent, as 

Thus, no evidence f o r  the  

A s i m i l a r  comparison was made between the values of m 

and a fo r  the  records obtained a t  64 bps during the twelve 

transmission periods i n  which the binary f a i l u r e  w a s  i n  evidence. 

In these cases  the values of m and 0 were compared with values 

of the same quan t i t i e s  calculated from the data  of Transmissions 

6 and 7 i n  which the binary f a i l u r e  had been simulated. 

comparison m y  be made f r o m  Table 5. 

The 
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In the following, the aster!sK * w i l l  indicate  channel 

numbers recorded when the binary was inoperative. 

condition 

range of f i e l d  values from 2.4 t o  5.0 y and Channel 27* 

covered the range from 5.0 t o  12.0 y, i.e., since only odd 

numbers w e r e  recorded, Channel 25* covered the normal range of 

Channels 24 and 25 while Channel 27* covered the normal range 

of Channels 26 and 27. 

of Channel 25* w a s  weighted a t  3.7 y and each reading of  Channel 

27* w a s  weighted a t  8.5 y. 

would indicate  that half o r  more of the observations contained 

i n  a record were i n  Channel 25* o r  below. With rn 5 6.1 y, the 

m a x i m u m  rms f i e l d  var ia t ion which could escape detection :E 

7 = (6.1 - 5.0)/& = 0.78 ye Because of the weighting, a value 

of a s l i g h t l y  greater than t h i s  threshold value could hrxve 

a calculated value as large as (6.1 - 3.7)/f2 = 1.7 y. 

genci-ully, Tor valiles of rn s 6.1, the maximum rim f i e l d  var ia t ion 

which could escape detection is 0 = (m - 3.7)/'/2. 

Under t h i s  

Channel 25* o f  the d i g i t a l  readout covered the  

With the  binary inoperative,  each reading 

Thus, a calculated value of m S 6.1 y 

;'ore 

As a result of  the s i tua t ion  outlined above, i t  vas  ahsurned 

that f i e l d  var ia t ions  of the type observed during T, ~--.  ions 

6 tln3 7 wr'e not observed auring ar:j C A  ti., tuelve pe,-iods from 

which the records exhibited m 5 6.1 y and 
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u 5 1.3 y. The value of rn w a s  se lected f o r  the reasons j u s t  

mentioned and the value o f  Q was selected because it is less 

than half the smaller value of  CT calculated f o r  Transmissions 

6 and 7. Under these criteria, four of the twelve records 

were removed from fur ther  consideration. 

As the next step i n  the examination of the remaining 

eight  records, estimates of the power spectra  were calculated. 

These estimates were compared to similar estimates calculated 

from the records o f  Transmissions 6 and 7 i n  which the binary 

failure had been simulated. 

under discussion, f i v e  exhibited values of m C 6.1 y and the 

other  three 3xhibLted values of 752, 7.6, and 8.5 y e  The spectra 

estimated for the records from Transmissions 22 and 48 may be 

compared to those zstirnated f o r  Transmissions 6 and 7 ( w i t h  

binary f a i l u r e  simuizted) i n  Figur? 2, 

Transmission 22 -s representative o f  the other four i n  the group 

with values of m 5 6.1 y. 

i\lith m = 7.2 y,isrepresentative o f  the other, Traosmissiori 32 ,  

with m = 7.C"  

values o f o  = 2.1 and 1.9 y, respectively. Transmisslon 23, 

with m = 8.5 y a n d u  = 0.5 y,  provided 535 f i e l d  readings i n  

Channel 27* and 2 i n  Channel 29*. 

w a s  detected. 

O f  the e ight  records presently 

The spec$rm from 

The spectrurn fron Transxission 48, 

B e  records f o r  these two periods exhibited 

Thus, very l i t t l e  var ia t ion  
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For the records with rn S 6.1 y, the estimates of  the spectra  

should be su f f i c i en t ly  accurate t o  permit a s ign i f icant  comparison 

between these records and those from Transmissions 6 and 7 ,  

since the discussion ju s t  presented concerning the detectable 

values of CJ is again applicable. 

power i n  the spectra  is the range about 0.06 cps which is 

exhibited by these spectra i n  a comparison with those from 

Transmissions 6 and 7 indicates  that f luctuat ions of  the type 

observed during Transmissions 6 and 7 did not recur during these 

f ive transmission periods from which m 

Thus, again the dar th  of 

6.1 y. 

For the three records with m = 7.2, 7.6, and 8.5 y, i t  is  

doubtful that the  estimates of the power spectra  a re  s ign i f icant .  

The mean f i e l d  values recorded i n  these cases indicate  tha t  most 

of the f i e l d  readings f e l l  within Channel 27* o r  above. 

binary inoperative,  Channel 27* corresponds t o  a 7.0 y range 

of f i e l d  values. Thus, f i e l d  var ia t ions  w i t h a  2.5 y could 

escape detection. 

f a i lu re  simulated) exhibited values of 0 = 2.8 and 2.7, respectively. 

With the 

Recall that Transmissions 6 and 7 (binary 

Thus, despite the fac t  t h a t ,  i n  all these cases, m could 

have been as small as 5.1 y o r  l e s s  with a 0.07 y, etc. ,  i t  

is hot  possible t o  conclude t h a t  f luctuat ions of the type under 
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considerations were def in i te ly  absent. 

however, s ince i n  any of these three casefi, the  g rea t e s t  number 

of readings outside of Channels 25* and 27* was less than 0.5 $ of 

the  to ta l ,  while f o r  Transmissions F and 7, these r a t i o s  were 

5.3 and 2.2 $, respectively.  

were over 500 readings recorded. 

about 600 readings ench. 

They well may have been, 

In each of the three  c a ~ e s  there  

Transmissions 6 and 7 provided 

Evidently chen, f i e l d  flucutatione of the  type recorded 

during Transmissions 6 and 7 did not recur during nine of the 

twelve transmission %mods i n  t h i s  group, (64 bps, binary 

inoperative).  

only s l i g h t l y  smaller on the average could have been present ,  but 

might not have been detected. 

iIowever, during the other  three periods f luc tua t ions  

In comparing the data transmitted at 8 bps with those obtained 

by the  simulation of 8 bps r a t e  i n  the records from Transmissions 

6 and 7, the f i r s t  :tep is again the comparison of  the values  of 

m and a calculated "rom the data. The values f o r  records of 

8 bps data  obtained during normal operation of the i n t e m i t t a n t  

binary element are l i s t e d  i n  Table 6 ,  along with the r e s u l t s  

from the simulated 8 bps data of Transmissions 6 and 7. 

of f i f t y  transmissions a t  the normal 8 bps r a t e  were received, 

O f  the  f i f t y ,  thirty-two yielded mean f i e l d  values,  m S 7.4 y ,  

A t o t a l  
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and rms deviations from the means, u g 1,l yo  

that f i e l d  var ia t ions  of the type of i n t e r e s t  2,’:- 

i n  any of these thirty-two recordso 

It is assumed 

~ - , ~ , J e d  

The c r i t e r i a  fo r  t h i s  elimination were again selected f o r  

the reasons discussed during the consideration o f  the data obtained 

a t  64 bps with the binary inoperative. 

was selected for.* e l i m h a t i o n  of these records since it is 

s l i g h t l y  l e s s  than half t h e  average value of 2.3 y which w a s  

obtained from the s ix teen  sets of simulated 8 bps data corres- 

ponding t o  Transmissions 6 a n d  7 o  

values of the rms deviations,  u, f o r  these sixt,-cc s e t s  ranged 

froin 1.4 t o  3.0 y. 

that half the readings f e l l  within Channel 26 cir lower channels, 

ince Channel 26 and the  channels j u s t  below provided r e l a t i v e l y  

The c r i t e r i o n  Q 1,1 y 

Note, in Table 3 ,  t ha t  the 

The c r i t e r ion  m 5 7.L , , i n  this case insures  

high-resolution TJhich i n  turn insured accurate estimates of the 

deviat ions from mean values S y. In t h i s  case,  the m a x i m u m  

var ia t ions  that could escape detection would correspond t o  

CT 5 O,7 ye 

record whic: exhibited an rms deviat ion of 1 y, near the upper 

l i m i t  of  1.1 y which perrcitted elimination under t h i s  c r i t e r i o n ,  

is shown i n  Figure 9* 

teen s e t s  of simulated 8 bps d a t a ,  from the records of Transmissions 

The record of  Transmission 128, an example of a 

It may be compared with four of the s ix-  
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6 and 7, which are a lso  plotted i n  Figure 9. 

readings of f i e l d  values greater  than those corresponding t o  

Channel 26 were recorded during Transmission 128, whereas during 

Transmissions 6 and 7, such readings occurred about e ight  

percent of the  time. 

Note that no 

There remain then eighteen s e t s  of data  from the  normal 

8 bps transmissions 20 ae :onsidered i n  more de t a i l .  

cases, however, an i m e s t i g a t i o n  of  the power spectra  w a s  not emp- 

loyed s ince the Yatio of  the sampling r a t e ,  i n  the 8 bps mode, 

t o  the high frequency cutoff of the magnetometer passband is 

too small t o  s u f f i c i e n t l y  reduce the possible e f f e c t s  of  aliasing, 

I n  these 

Of these remaining eighteen records of transmissions a t  

the normal e 5pr datE r a t e .  th i r teen  exhibited values of rn 5 7 0 4  y 

bct  values of u > 1,1 y. 

a fu r the r  examination, the r e s u l t s  of  which indicated that the 

higher value of the rms deviation i n  each case was produced by 

a few i so l a t ed  la rge  f i e l d  values which may have been due t o  the 

presence of noise i n  the telemetry system, but which, i n  any case,  

produced records which did not resemble those from Transmissions 

6 and 7. 

i n  t h i s  group of t e n ,  ir .-.io.m Ir- Fieure 10. Kote tha t  during 

45 $J of' the time 

Ten o f  these were eliminated following 

The record of Transmission 91, an example of the records 
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when measurements were recovered, the amplitudes of f luctuat ions 

i n  the f i e l d  would have l e s s  than 2 y, peak-to-peak, or 0.7 y, 

ms, even though the calculated rms deviation was 1.6 y. Also 

only 3 readings i n  112 provided values i n  channels above Channel 26. 

This r a t i o  during I’ransmissions 6 and 7 was about 8 % as j u s t  

remarked. 

All of the remaining eight  records of normal 8 bps data 

exhibited mean f i e l d  values 7 4.9 y, the value recorded fo r  

Transmission 7, and Q > 1.1 y. 

m 2 5.9 y.  “he :orrelation between the higher f i e l d  values i n  

interplanetary space and higher leve ls  of solar-interplanetary 

a c t i v i t y  which was discussed e a r l i e r  i n  t h i s  section, suggests 

t ha t  these records need not be of concern for  our purposes. 

of these eight  transmission periods occurred during periods of 

enhanced solar-interplanetary ac t iv i ty .  

In f a c t ,  a l l  provided values of 

A l l  

However, it is possible t o  eliminate, as w e l l ,  two of these 

eight  records from fur ther  consideration. These two records, from 

Transmissions 144 and 161, exhibited values for  m of 5.8 and 6.4 y, 

respectively. They are  shown i n  Figure 10. 

consecutive readings i n  Channel 25 o r  Channel 26 accounted for 

about 50 % of the points on the records. 

In  both these cases, 

The range of f i e l d  values 
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contained within C h a n n e l  26 is 1.4 y and that contained within 

Channel 25 is 2.2 y. 

could produce a m a x i m  m s  deviation l e s s  than 0.80 y. Since 

the f luctuat ions detected during Transmissions 6 and 7 were i n  

this range only about 30 % of the time, it would appear t h a t  

s i m i l a r  f luctuat ions could not be contained i n  these two records. 

Also, only four of the 312 readings indioated f i e l d  values i n  

channels above Channel 26, whereas fo r  Transmissions 6 and 7 

such reading6 occurred i n  about 8 % of the to t a l .  

Variations within the la rger  of these ranges 

I n  the  remaining s i x  of the eight  records which exhibi t  

mean f i e l d  values > 5.9 y, most of the f i e l d  readings l i e  within 

Channels 27, 29 o r  above. 

to Channel 27, f o r  example, is 5.5 y, 60 that f luctuat ions 

with u 5 1.9 y would not produce changes i n  the recorded f i e l d  

values. 

which occurred during periods marked by solar a c t i v i t y ,  geomagnetic 

storms, and Forbush decreases, the presence, i n  the v i c in i ty  of 

Pioneer 5, of f i e l d  f luctuat ions with rms amplitudes i n  the range 

of i n t e r e s t  would have gone undetected by the instrumentation. 

The range of f i e l d  values corresponding 

Thus, during these s i x  transmission periods, a l l  of 

I 

Included i n  t h i s  group of s ix  is the record of h-ansmission 

116, with m = 7.3 y a n d a  = 3.3 y, shown i n  Figure go This record 
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exhib i t s  f i e l d  var ia t ions which were unique when considered i n  

term8 of the rest of the measurements obtained during the f l i g h t  

on Pioneer 5. 

an earlier paper. 

This event has been discussed i n  some d e t a i l  i n  

(&net t ,  Davis, and Coleman, 1962). 

The results fmm the f i f t y  records of normal 8 bps data 

may be summarized as fOllOW6: 

which the conditions i n  interplanetary space might be considered 

similar t o  those exis t ing  during Transmission 6 and 7, were 

f i e l d  f luctuat ions of the type recorded during these two periods 

again detected fa r ther  from the earth. 

In none of these periods, during 

The s imi la r i ty  of  con- 

d i t i ons  t o  which reference is made here is t h a t  determined by the 

conventional indices  of solar-interplanetary a c t i v i t y  and by 

the values of the mean interplanetary f i e l d  recorded during a 

pa r t i cu la r  transmission period. Further, of those records ob- 

tained during periods of greater  ac t iv i ty ,  none showed def in i te  

evidence of a recurrence of  such f i e l d  variations.  

there were six of tfiese records i n  which such f luctuat ions could 

not have been ident i f ied  with any degree of cer ta in ty  had they 

occurred. 

However, 

Next, i n  considering the  data from the sixteen transmissions 

obtained at 8 bps when the binary element w a s  inoperative,  the 
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f i r s t  s t ep  as before is a comparison (See Table 7) between the 

r e s u l t s  obtained from these data transmissions and the r e s u l t s  

produced from the records of Transmissions 6 and 7 by simulations 

of  both the 8 bps data  r a t e  and the e f f e c t  o f  the inoperative 

binary c i r cu i t .  

not exhib i t  e f f e c t s  of f i e l d  f luctuat ions such as those of i n t e r e s t  

here s ince they exhibited values of m 6 6.1 y and 7 5 1.1 y. 

value f o r  rn wa8 chosen a8 in the case of the 64 bps data in- 

volving the inoperative binary. The value f o r  Q 4 1.1 y is ha l f  

the smallest  value exhibited by the s ix teen  sets simulated from 

Transmissions 6 and 7 as was shown i n  Table 2. 

s e t s  of data  show no indica t ion  of a recurrence of the f luc tua t ions  

under consideration. 

da ta ,  the comparison of power spectra was ruled out as a fur ther  

t e s t  fo r  the presence of the fluctuations.  

Eight of the sixteen s e t s  of data probably did 

This 

Thus, these e ight  

Again, as i n  the case of  the normal 8 bps 

Accordingly, o ther  c r i t e r i a  were employed i n  a fur ther  analysis 

of the remaining e ight  records from the transmissions during which 

the binary w a s  inoperative. 

values of m 2 5.2 y. I n  f a c t ,  with one exception, the values of m 

l ay  between 5.2 and 8.7 y, inclusive. 

31, yielded a mean f i e l d  value of 15 y. 

previously, f i e l d  var ia t ions  of  the type being considered might 

not have been detected had they  i n  f a c t  occurred during the 

All of the records i n  this group exhibited 

This exception, Transmission 

Thus,  as mentioned 
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transmission period. This par t i cu la r  record, shown i n  Figure 11, 

was obtained during the period of enhanced solar- interplanetary 

a c t i v i t y  observed i n  mid-March, 1960. 

The seven other  records i n  this group of e ight  contained 

mostly readings of Channels 25* and 27*. With the binary in- 

operative the f i e l d  ranges corresponding t o  these two channel 

numbers were 2.6 and 7.0 y, respectively.  

uation amplitudes that could be contained withfn these ranges 

a r e  0.9 and 2.5 y, respect ively,  o r  3-4 y fo r  t h e i r  combined 

range. 

of i n t e r e s t  could have occurred during these transmission periods, 

The maximum rms fluct- 

Thus, f i e l d  f luc tua t ions  with values of  cr i n  the range 

In attempting t o  estimate the poss ib i l i t y  of such an 

occurrence during each period, the r e l a t i v e  f i e l d  a c t i v i t y  as 

determined by the r a t e  of occurrence of changes between Channels 

25* and 27* w a s  considered, 

40 $J of the i n t e r v a l s  between samples during Transmissions 6 and 

7. With the exceptions of Transmissions 26 and 35, such changes 

Such changes occurred within about 

occurred within fewer than 12 $ of the in t e rva l s  during these 

transmission periods. 

which exhibited such changes within 28 and 3 $ of the recorded 

in t e rva l s ,  respect ively,  may be compared i n  Figure 11 with data  

from Transmissions 6 and 7. 

The records from Transmissions 26 and 35, 
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The two records from Transmissions 26 and 35, of the 

s ic teen  records obtained at 8 bps when the binary was inoperative,  

resemble most closely the  records obtained from Transmissions 6 and 

7 by simulations of the e f f e c t s  of  the inoperative binary 

and the sampling rate corresponding t o  8 bps data transmission. 

Even i n  these two cases, the smaller number of f i e l d  readings 

i n  ranges other  than those corresponding t o  Channels 25* and 27* 

suggests that f luc tua t ions  of  the type being sought were not 

responsible f o r  the  recorded f i e l d  changes. 

of  Transmission 6 exhibited values without t h i s  range i n  5 $ of the 

readings, while those f o r  Transmission 7 exhibited such values 

i n  2 $ of the readings. 

and during Transmission 35 only one such value was recorded i n  

135 readings This f a c t  suggests that the f i e l d  w a s  a c tua l ly  

f a i r l y  qu ie t  but  a t  a magnitude near 5.0 y ,  the  value a t  which 

the readout would change from Channel 25* t o  27*. As a r e s u l t ,  

there  i s  some indicat ion that f i e l d  var ia t ions  such as those seen 

during Transmissions 6 and 7 did not recur during these seven 

transmission periods, although, as mentioned e a r l i e r ,  the  poss ib i l i t y  

of such a recurrence cannot be eliminated because of the e f f ec t ive  

decrease i n  the sens iv i ty  of the detect ion equipment which resu l ted  

from the  f a i l u r e  of  the binary c i r cu i t .  

The simulated record 

During Transmission 26, none were recorded 
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Thus, the r e s u l t  of the comparison of the records from 

Transmissions 6 and 7 t o  those from the sixteen period6 o f  data 

transmission a t  the 8 bps rate when the binary w a s  inoperative,  

indicate  t h a t  the f i e l d  fluctuations under discussion did not 

recur during e ight  of these sixteen periods, probably did not 

recur during f ive  others,  and possibly did  not recur during two 

of the remaining three. The other record of t h i s  group exhibited 

a mean value of  15 y at which l eve l  the reduced magnetometer 

s e n s i t i v i t y  from the AGC and from the e f f e c t  of the inoperative 

b i f i G T j .  renders the detection of such s m a l l  f i e l d  var ia t ions 

unlikely. 

In this section, the r e s u l t s  o f  an examination o f  magnetic 

f i e l d  records fromthe eightythree transmissions of data  a t  

the 64 and 8 bps data r a t e s  which succeeded Transmission 7 have 

been described. These recordswere examined, i n  various ways, i n  

an e f f o r t  t o  determine whether f luctuat ions i n  the measured 

component of the magnetic field, of the type which recorded during 

Transmissions 6 and 7, a t  geocentric distances of approximately 

22 and 25 R e ,  respectively,  v;erc rccordttc! during any of these 

la ter  transmission periods when the spacecraft  was beyond 30 Re. 

The examination indicates  t h a t  such f i e l d  fluctuations did not 

recur  during any o f  the sixty-seven transmission periods i n  
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which t h e i r  unambiguous detection would have been l i k e l y ,  except 

perhaps during Transmissions 35 and 116. 

mission periods were those during which the mean measured f i e l d  

recorded was S 7 - 4  y o r  4 6.1 y depending, respectively,  upon 

whether o r  not the troublesome binary c i r c u i t  w a s  operating 

properly, 

to an unusua! e v s ~ t  .:.+<CL~ i n  any case, occurred during a period 

of unusually great  solar-interplanetary a c t i v i t y  t h a t  began late 

i n  March 1960, 

recorded during the t raymiss ion  suggest that condftions during 

the period were not at all similar to those durinG Transmissions 

6 and 7. Transmis~ion 35 remains as a poss ib l e ,  although not 

ver? prokah2.e c a w  oi a recurrence o f  fiela;. 5 l i c t~ in t ions  sclct 

as those detected during Transmissiocz 6 ?nc 70 

These sixty-seven trans- 

The record from Tranmission 116 evidently corresponds 

This f ac t  and the mean f 5 e l d  velne of 7.3 y 
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26 Lie obtained li:itn i c s t r u r w r i t s  on ocard Pioneer 5 were conp7red 

t o  those obtained a t  22 and 25 Re during the f l ihg t .  On the 

bas i s  of the r e s u l t s  of t h i s  comparison i t  appears possible tha t  

the e f f e c t s  of the magnetosphere extended t o  a geocentric distance 

betiveen 25.5 and 29.6 Re on the t ra jec tory  of  Pioneer 5. In  t h i s  

sect ion,  then, such a poss ib i l i t y  w i l l  be discussed i n  terms of 

two lnodels postulated to account for  the in te rac t ion  of  in te r -  

planetary medium and tne ragcetosphere. 

The aforementioned shock-wave model of Sp re i t e r  and Jones 

In (1963) i s  the  first which w i l l  be employed t o  t h i s  purpose. 

developing t h i s  model, Spre i te r  and Jones al;plied the r e s u l t s  

of  h e r ,  3ur;.5tz, and Kilb (1961, 1962) i n  calculat ing the e f f e c t s  

upon the in te rac t ion  bct!:.cen the interplaoetary plasma and the mag- 

wtosphere rrhich woul5 be prociuced by an interplanetary magnetic 

f i e l d  transverse t o  the solar wind veloci ty  and pa ra l l e l  o r  ant i -  

p a m i l e l  t o  the ear%h's  dipolar magnetic moment, 

viour;7_::, the  shape of the magnetospheric boundary which was used 

is t h a t  c a l c ~ i a t e d  by Beard (1960). 

boundary and the shock f ront  shown i n  Figure 7 a re  provided by 

the model of Spre i te r  and Jones for  values of the perzinent parameters 

as follows: 

As mentioned pre- 

Traces of the magnetospheric 

solar v:ind r e l a t ive  speed, 600 km sec-l; proton 
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7 

-7 Fopulatior. d e m i t y ,  2.5 2 3  1 2nd interplanctnry mgnet ic  f i e l d ,  

oricnted a s  ju;t descriced, o f  in tensi ty  5 y. These va iues  f o r  

the decsi ty  and veloci ty  were selected as being representative o f  

arerage condit.iom i n  icter$2nezary space during 'qu ie t '  periods 

recorded by instruments aboard ikr iner  11. (Neugebauer and Snyder, 

1962) 

I n  obtaining the tmcez  of  the magnetospheric boundary and 

the shock front  i n  the plane of the t ra jec tory  of Pioneer 4 ,  which 

,are showny$a F i b y e  7, it-ms' assumed that the corresponding 

surfaces  were ro ta t iona l ly  symmetrical about an axis through the 

center  of  the e a r t h  and parallel t o  the veloci ty  of the s o l a r  

vrind r e l a t i v e  t o  the earth. 

vector was perpendicular t o  the d i p o l e  moment of the geomagnetic 

f ie ld .  

as shown i n  Figure 2, and since the angle between the  s o l a r  wind 

veloci ty  and the dipole moment var ies  by only about lle>O, the  

assumption of t h i s  symmetry should r e s u l t  i n  a suf f ic ien t ly  

accurate descr ipt ion of the rodel  i n  the plane of the t ra jec tory  

of Fioneer 5. 

It vias a l s o  assumed tha t  t h i s  velocity 

Since Pioneer 5 w a s  within 15" o f  the geomagnetic equator, 

In  t h i s  model, the distance from e a r t h ' s  center ,  r of  the 

boundary of  the magnetosphere, measured i n  the  d i rec t ion  opposite 

0' 

t o  t h a t  of the r e l a t ive  veloci ty  of the s o l a r  wicd was calculated 
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by equatiq;  the static prti isurc nithi n the naEnetosnhere t o  the 

dynamic pressure of the impinging solar ;?rind. Thi! 

where r is measured i n  ea r th ' s  r ad i i ,  B ,s L e  f i e l d  -ntens 

a t  the geomagnetic equator, rn 
0 S 

is the proton mass, n is the 
P 

proton population density i n  the so l a r  wind, and v is the speed 

of  the so la r  wind r e l a t ive  t o  earth, Here i t  is assumed tha t  the 

in t ens i ty  of the f i e l d  a t  the nose of  the magnetosphere i s  twit;.? 

the in t ens i ty  o f  the unperturbed geomagnetic equator at t h i s  

dis tance,  i n  accordance with the usual Chapman-Ferraro assumption 

:hat  the boundary f i e l d  is doubled as a r e s u l t  of currents  i n  the 

region. 

The s t a t i c  pressure d/8 n of the interplanetary f i e ld  

has been neglected. 

i n  the expression for  r 

culnted for the shock wave, 

i n  the calculat ions which provided the magnetospheric boundary 

shown i n  Figure 7 yielded r 

Note a l so  t h a t  a fac tor  of 2l'' is contained 

as a r e su l t  of the shielding e f f e c t  cal-  
0 

The so lar  wind parameters employed 

= 10.15 Re,  
0 

In the following part of t h i s  discussion, occasionally it. 

mill be useful t o  employ the recent r e s u l t s  of Snyder, Neugebauer, 

and Rao (1963) i n  estimating the s o l a r  mind ve loc i t i e s  during the 

period o f  i n t e re s t .  These r e su l t s ,  obtained from Mariner 2 da ta  
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indicate  tha t  the E; index of geooapct ic  a c t i v i t y  is a r e l i ab le  

index of the so l a r  wind velcci ty  ir? t h e  reZion j u s t  beyond the 
P 

magnetosphere and, fur ther ,  t ha t  t h e  re la t ionship between the 

two quant i t ies  is l inear .  Bnsea upon t h i s  re la t ionship,  the 

value of K 

within which Transmissions 3 and 4 occurred would correspond t o  

a s o l a r  wind veloci ty  v w 650 km sec-’. 

reported fo P the  period containing Transmission 8 would correspond 

= 5- which was recorded for t h e  repcr t ing period 
P 

The value K = 2+ 
P 

-1 to v -500 km sec 

From the data  recorded during Transmissions 3 md 4, i t  

was concluded tha t  Pioneer 5 crossed the boundary of the geo- 

inape t ic  cavi ty  during the period between Transmissions 3 and 

!d, o r  between geocentric distances of 8,56 a n d  10,40 Re, 

range along :he t ra jec tory  of  Pioneer 5 would correspond t o  a 

range f o r  r be’cween 7.2 and 9,2 Re., 

This 

0 

Since the geomagnetic storm from which t h e  magnetospheric 

;--r;tem was recovering had been a gradual conmencement type of  

wderate in t ens i ty ,  i t  is more l ike ly  tha t  r 

:*as closer  t o  the l a t te r  distance. For v = 650 km sec , the  value 

r 

2ata from Transmission 4 and t h i s  assumption concerning the re la t ion-  

ship between the  so l a r  wind and velocity and the K 

s i t ua t ion  a t  the boundary of the geomagnetic cavity wou:d appear 

to  correspond t o  the e f f ec t s  expected f o r  a moderate s o l a r  interplanetary 

disturbance . 

:ox the boundary 
C 

-1 

I 
5 9-2 R e  would require n 2 4.5 cm-’. ThuE, on the bas i s  of the 

0 

index, the 
P 
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TJext, t h i s  came zssurnption will be employed i n  considerin: 

2 shock front locat ion -hich ~ o u l d  be consis tent  v i t h  the  

Pioneer 5 data. Kote, i n  Figure 7, t h a t  Transmission 7 was 

terminated when Pioneer 5 vas just beyond 25*5 Re. 

that the geocentric distance of  the shock f ront  measured along 

the radius  vector t o  the posit ion of Pioneer 5 would have been 

about 18.5 Re, according to  the calculat ions for the  model shown 

i n  the figure. I f ,  however, the var ia t ions  i n  the measured 

f i e l d  which were detected at 25.5 R e  were produced by the in t e r -  

ac t ion  of  the so l a r  wind and the  magnetosphere, as i s  suggested 

by the  r e s u l t s  discussed i n  the previous sect ion,  the usual shock 

w v e  p ic ture  would require  that the shock f ront  be beyond 25.5 Re 

on the t r a j ec to ry  of Pioneer 5, since t h i s  p ic ture  would include 

an interplanetary medium unaffected by the  presence of  the mag- 

netosphere upstream from the shock front.  

Note a l so  

The ' s tandoff '  d is tance,  d, of the shock f ront  i s  the distance 

between the magnetospheric boundary and the  shock f ront ,  measured 

along the l i n e  through the ea r th ' s  center  and p a r a l l e l  t o  the 

veloci ty  of the  solar wind r e l a t ive  t o  the earth. For the  model 

under discussion, the  parameter of importance i n  determining the 

standoff distance is the Alfven mach number, MA, of the i n t e r -  

planetary plasma, where MA = v/vA, vA = (B2/4 n n m 1% is the Alfven 
P 

veloci ty  for' the  interplanetary medium, and the o ther  quan t i t i e s  

a re  as previously defined. 



46 

The paraiieters enployed by Spre i te r  and Jones i n  ca lcu la t ing  

the positions of the mnpx rc-pheric  boundary and the shock f ront  

ShoiVIi i n  Figure 7 ,  y ie lded  

3.8 iie or about, O,38 R . 
distance t o  t h e  shock f ron t ,  measured along geocentric rad ius  to  

= 8.71 and a standoff distance o f  

A s  was just mentioned, the geocentric 
C 

Pioneer 5 at the  time of Transmission 7, would have been about 

8.6 Re i n  the s i t u a t i o n  corresponding t o  the model shown i n  the 

f igure  e 

If, however, i t  be assumed tha t  Pioneer 5 was still within 

the if i teraction region a t  25.5 R e ,  the poss ib i l i t y  that a shock 

f ront  v a t  beyond t h i s  range must be considered, I n  t h i s  case, 

the  spacecraft  would have traversed the  f ront  during the period 

betiveen Transmissions 7 and 8 o r  between 25.6 and 29.7 Re, For 

a 5 y component of t h e  interplanetary f i e l d  transverse t o  the 

solar v5nd ve loc i ty ,  a rough extrapolation of the results of  
j .  

Spre i t e r  and Jones provides a corresponding range fo r  I4 from 

4 t o  somewhat g rea t e r  than 2. 

A 

If i t  be assumed, f o r  the  values 

of K 

t h i s  range o f  values f o r  M with B = 5 y would require a range 

a t  the times o f  Transmissions 7 and 8 ,  t h a t  v 500 km sec-', P 

A 

f o r  n from 0.7 t o  0.2 protons per cm 3 . This range is close t o  

the lower l i m i t  f o r  n which has been recorded by the Mariner 2 

plasma probe i n  the cases  studied so far (Neugebauer, p r iva te  

communication), but such values of n are evidently rea l ized  on 
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occasion. An estimate of the  upper limits for the range of n 

which would provide the desired value of  r 
-1 using v = 300 km sec 

td can be obtained 
0 

which ,  from the Mariner 2 r e s u l t s  of 

Snyder, Heugebauer, and Rao (1.9631, appears t o  be a va l id  lower 

l i m i t  on the so l a r  wind velocity,  This estimate provides a range 

of  n from 2.1 t o  0.5 protons per cm 3 * Evidently then the col l is ion-  

l e s s  shook wave could provide an in t e rac t ion  region which extends 

to geooentric distances  beyond that o f  Pioneer 5 a t  the termination 

of  Transmission 7, but the values of  n and v mould be lower than 

those expected fo r  ac t ive  periods and the corresponding range f o r  

r would be 12-15 Re which is  sqrnevrhat grea te r  than even the 10-11 Re 
0 

indicatad for quiet  periods by t he  data  from Explorer 12. (Cahill  

and Amazeen, 1963). 

Features of the observations which are not consis tent  with 

t h i s  picture  of a low mac number shock wave a re  the changes i n  

the cha rac t e r i s t i c s  of  the measured f i e l d s  which evidently occurred 

between Transmissions 5 and 6. Recall t h a t ,  i n  the sect ion 

i n  terms of the poss ib i l i t y  t ha t  the in te rac t ion  re,yi.on x igh t  con- 

sist of two sub-regions, which i n  this case :-:auld h::ve been 

separated by a boundary located between 15.3 and 21.,8 R e  on the 

1 

Pioneer 5 t ra jec tory  (Coleman, 1962). 
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Hovever, these changes a l s o  may have been the r e s u l t s  of 

changes i n  M 

magnetic storm which occurred during t h i s  period. Thus, the 

and B thar; resclted i n  the  recovery from t.he geo- A 

shock front  may have been considerably closer  t o  the ear th  a t  

the time of Tra2srission 5 than it was during Transmission 6 and  

may have been even more d i s t an t  a t  the time of Transmission 7. 

Such a change could account f o r  the lack of observable dependence 

upon r which was exhibited by m and Q i n  these last two records, 

Evidence f o r  a s ign i f icant  change i n  the s t a t e  of the magnetosphere 

during the period betreen 1530 and 2000 GMT appears i n  ground 

s t a t i o n  magnetograms. A t  Fredricksburg and San Juan, f o r  

examples, in-phase decreases i n  excess of 50 y were recorded i n  

the horizontal  component of the geomagnetic f i e l d  during t h i s  

period. Comparisons, by Nishida and Cahill  (19641, between 

magnetic f i e l d s ,  measured w i t h  instruments aboard Explorer X I I ,  

and ground s t a t i o n  measurements indicate that such a decrease 

might be expecied while the boundary of the magnetosphere is 

moving outward. 

I n  view of the r e l a t i v e l y  low values of v and n xhich a r e  

theore t ica l ly  required t o  provide a shock front  a t  such extreme 

geocentric distances,  i t  is worthwhile t o  cocsider an a l te rna t ive  

model f o r  the t r a n s i t i o n  region which has been described by 

Bernstein, Fredricks, and Scarf (1964). 

abrupt t r a n s i t i o n  from the f i e l d s  of the geonqyetxc cavi ty  t o  the 

Thiz modei provides an 
4 
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.. . L -  r: : c: P('c.;- . of tk-2 t:Pn::tt'oll IL ::CY :;:, g r ~ c  c.JL.3  t b  c. . :.:.bt ', 

. ,  -. . :-J-' rno 'c  . b r c r  , 'FI ,-: 1.: -): 5. . 1 -  

.. _ .  %:.e s t a t e  of t h e  i s te rp lane tary  r - e G i S m ,  r~ :rzi$ual t r ans i t i on  

is indicnted. 

t ha t  the medium within t h e  re la t ive ly  th in  3haprrian-Ferraro type of  

in te rac t ion  region exhib i t s  z ''two-.ztreamt1 i3stabiki ty .  Thus ,  .for 

cximple, a .pcr turba t ion  cqneisting of currcr.L.s Benerated by the 

I n  the justification for  t h i s  model, i t  is  argued 

. .  
iec tri c f i e ldc  from char.i;e cepc?racion may proewe ion VJ&VCS whici; 

-.re not damped i n  an electron-proton p l a sm z i tk  f i n i t e  d r i f t  

nnd unequal terperntures  f o r  t h e  two consti tuents.  

The f i e l d s  associated w i t h  these V J ~ V ~ S ,  Lc t c n ,  a l l o s  

"fast" diffusion of plasma through the magnetic f i e l d  so tha t  the 

-ransitlon region is grea t ly  extended, thereby povIciing a bozrd, 

- .  xorde :  cd t r a r s i t i o n  region betlecn t he  rnagnetosFkere and r;he 

_ n t e r p k ~ i e t a r y  Eedim. Hoaever, :c texis  of avernze quantities 

r. C, I- n ,  

t rans i t ion  frorn the values j u s t  beyond the rnagne2oqnere t o  3 

tkls t r ans i t i on  region s h ~ ~ ' ' :  exhibi t  2 relaz7'vely smooth 

l o m r  value i n  interplanetary spncc, The geocentric distance to 

the outer  l i m i t  of  the t rans i t ion  rcg:on, accordin: ts t h i s  model, 

ioes  not have a f i n i t e  value. Note t h a t  this model does not 

allow f o r  the poss ib i l i t y  of two sxb-regions i n  the region o f  ix tc r -  

act ion . 

i7 I h e  o ther  feature of  t h i s  r o t e l  :.i:ich i s  a t t r - c t i v c  ,:*hen 

considered i n  terms of the dat,? :ram Pioneer 5 ,  is inner  



boundary for the  t r a n s i t i o n  region which agrees with observations 

obtained t o  date,  e.g., during q u i e t  times, 8-10 Re. 

o ther  mechanisms for broadening a t rans i t ion  region of the Chapman- 

Ferraro type have been postulated, but most of them do not provide 

a broadening so extensive. 

Of course, 



Summary 

I n  the preceding sect ions,  the magnetic f i e l d  measurements 

obtained with instruments aboard Pioneer 'j i n  the d i s t an t  geo- 

magnetic cavi ty  and i n  the t rans i t ion  region beyond were described, 

Xt -xis remarked t h a t  many of the observations have since been 

confirmed by mare sophisticated experiments. However , i n  the 

course of the description, i t  was noted tha t  f luctuat ing f i e l d s  

~ i t h  possibly unique charac te r i s t ics  were observed at  swpr i s ing ly  

grent geocentric distances. I n  an attempt t o  determine whether 

these f luctuat ions were indeed unique t o  regions of in te rac t ion  

between 'bodies' composed of tenuous plasma and magnetic f i e l d s  

moving a t  high r e l a t ive  veloci t ies ,  such as tha t  surrounding the 

Eepaagnetic cavi ty ,  records from later transmission periods during 

which Pioneer 5 was cer ta in ly  i n  interplanetary space were examined 

for recurrences of similar disturbances. On the bas i s  of t h i s  

examination , i t  vias concluded that these relatiileijr d i s t an t  

f luctuat ing f i e l d s  might well be a phenomenon associated with the 

region of  trans-ition between t h e  naGnetospheric and t h e  i n t e r -  

planetary media. Finally, two models for  the t r ans i t i on  region 

were discussed i n  an attempt t o  account for  the r e l a t ive ly  great 

radial extent  required of the t r ans i t i on  region if these fluctua.tions 

were indeed charac te r i s t ic  of ttis region. 

The tv!o modela for  the rceic-1 V F - ~ C  t h a t  o f  Spre i te r  and 

Jones (19631, which includes a c o l l l s i o - l e s s  shock wave a s  a r e s u l t  
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of the flow of the so l a r  wind past the magnetosphere and that of 

Eernsteis ,  Fredericks, and Scarf (i963) which includes a broad 

region thrcugk; w.rihicii occurs  a cmtinuous t r ans i t i on  t o  the s t a t e  

of  the interplanetary medium. It was concluded tha t  the shock 

wave model could account for  the d i s t an t  f luctuat ions,  but that 

the corresponding shock would be r e l a t ive ly  weak, with MA between 

2 and 4. However, a weak shock i n  an interplanetary medium with 

magnetic f i e l d s  near 5 y would also r e s u l t  i n  a ra ther  la rge  value 

for  r the geocentric r ad ia l  distance t o  the boundary of  geomagnetic 

cavi ty  measured along the radius p a r a l l e l  t o  the  veloci ty  of the  

sslar wind r e l a t ive  to  the e a r t h  (rsughly, along the earth-sun 

l i ne ) .  

0 

The observa t ims  may o e  accounted f o r  a l so  by the l a t t e r  

model which would allow the t rans i t ion  region t o  extend t o  re- 

l a t i v e l y  great  dis tances  from the ea r th  and, a t  the same time 

provide values fo r  r i n  a range close t o  tha t  observed to  date. 
0 

Several d i f f i c u l t i e s  attended the ana lys i s  of these observations, 

These d i f f i c u l t i e s  r e s u l t ,  i n  the f i r s t  place,  from the f a c t  t h a t  

the f i e l d s  were not measured continuously, Further, since the 

spacecraft  vias on an interplanetary t ra jec tory ,  only one t raversa l  

by the  in te rac t ion  region w a s  possible. Final ly ,  the magnetosphere 

and the  interplanetary medium were evidently changing states during 

the period of these observations, 

allowed the speculation tha t  changes i n  the s t a t e  o f  the nearby 

interplanetary medium produced the e f f e c t s  which, had the conditions 

The resu l t ing  uncer ta in t ies  
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i n  nearby space beer, ITi0r.e s t a b l e ,  S O i i l 3  hnvc been ronsis tcnt  ::lith 

t1::o models described above could account f o r  the  observations. 

However, it is f e l t  t ha t  an actual subdivision of the in te rac t ion  

region remains a d i s t i n c t  poss ib i l i ty ,  under the assumption t h a t  

the f i e l d  var ia t ions  recorded during Transmissions 6 and 7 were 

part of the in te rac t ion  region. O f  course the evidence for t h i s  

assumption, presented i n  the foregoing, i s  not conclusive. 

In  considering t h i s  poss ib i l i ty  t h a t  the in te rac t ion  region 

might consis t  of two subregions, it becomes apparent immediately 

tha t  such a subdivision aould be inconsistent with the model of 

the broad t r ans i t i on  region, since,  i n  t h i s  case,  most o f  the 

quant i t ies  of i n t e r e s t  a r e  expected t o  decrease monotonically with 

increasing geocentric range, through the t r ans i t i on  region, t o  

t h e i r  interpl-metary v a l t i  ' s .  iio:,,.ver, since t h e  hehavior expected 

of  the i n t e q l a n e t a r y  rnedium near such a shock f ront  has not been 

establ ished,  the existence 5'' t - o  subregions beh:nd the =hock f ront ,  

o r  perhaps of a r e l a t ive ly  b n a d  shock layer  behind skich 5s a 

s ingle  in te rac t ion  re$ on :s::oiL I d be considered. 

Along the t ra jec tory  of Pioneer 5 ,  the outer  sub-region 

sould have been betaeen .5.? and 14,4 R e  i n  radizl  extension. 

again, these values must be employed ivith caution, s ince,  as j u s t  

mntioned,  2onditlons evidefi71-y rere  not constant i n  t h i s  region 

Here 



! 
0 

5 4 

during t h i s  portion of the f l i g h t ,  Ho;rever, one of  t h e  t - ~ ~ r a a e t c r ;  

of the interplanetary medium v h i c h  rniirht be expected t o  I sev  upon 

t h e  r a d i a l  extent  of such an outer sub-region is the radius  of 

[;;fration of  the protons i n  the medium, For the case i n  which 

v = 500 krn sec-l and R = 5 v ,  t h i s  radius  is about 10 

the outer  subregion would have been some 20 t o  90 gyro r a d i i  i n  

r 8 d i a l  extent  along the Pioneer 5 t ra jec tory  and probably somewhat 

l e s s  along the  rad ius  through the center  of the e a r t h  and pa ra l l e l  

t o  the veloci ty  of the so l a r  wind r e l a t i v e  t o  the ear th .  

3 kn so t h a t  

On the  other  hand, one should bear i n  mind the poss ib i l i t y  

t h a t  l*lA had decreased t o  about 2,  o r  perhaps l e s s ,  during the 

la t te r  portion of the period o f  i n t e r e s t ,  thereby changing 

qua l i t a t ive ly  the cha rac t e r i s t i c s  of the  in t e rac t ion  region. 

A more de ta i led  ana lys i s  presently underway, of the spectra  of  the 

f i e l d  var ia t ions  recorded during Transmissions 4 ,  5,  6 ,  and 7 may 

provide information benring upon these speculations. 

I 
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TABLE 1 

PIONEE3 V 

Distribution of Periods of Data Transmissions According 

to Information Rates 

INTERVAL - 1960 Information Rates 

From To 64. 8 1 

11 Mar (1300 GMT) 

12 b l a r  (0600 GMT) 18 Mar 

18 Mar 20 Mar 

20 Mar 15 Apr 

12 Yir (0600 GMT) 

16 Apr 17 May 

9 0 0 

12 16 0 

4 0 6 

o 50 62 

0 0 115 
~ 

Totals  25 66 2G3 

Grand Tota l  294 



TABLE 2 

SUMMARY OF DATA OBTAINED AT 8 AND 64 BPS. 

Trans- Date Time Duration Data Binary Mean RMS Devia- 

mission (1960) on ( m i d  Rate Failure Field, m t ion,  w 

Number (GW) (bits/sec (gamma) (gamma) 

2 

3 

4 

5 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

11 March 

11 

11 

11 

11 

11 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

13 

14 

14 

14 

14:s 

15 :31 

16:31 

18:31 

22:oo 

23 : 46 

02:16, 

05:oi 

07 : 19 

11:33 

15 :31 

18 :31 

22:31 

01:31 

07 : 28 

14 :01 

18 :32 

22 : 42 

01 :06 

07 :02 

14:Ol 

14 

13 

15 

13 

15 

14 

14 

20 

11 

12 

28 

13 

14 

15 

2 

27 

12 

8 

14 

18 

29 

64 

64 

64 

64 

64 

64 

64 

64 

8 

8 

64 

64 

8 

64 

8 

64 

64 

8 

8 

8 

64 

4 
J 

*/ 

J 
*/  

. /  

J 
J 
J 

141 . 8 
70.4 

41.0 

26.8 

4.5 

4.9 

4.8 

3.6 

4.2 

3.9 

5.0 

3.6 

3.6 

3.4 

3.7 

2.8 

2.7 

3.7 

6.2 

2-3 

5.4 

18.0 

6.4 

20.7 

11.0 

2.2 

2.1 

1.0 

0.7 

1.3 

1.1 

2.1 

0.6 

0.8 

0.9 

0.0 

0.7 

0.6 

0.0 

2.4 

0.0 

2.3 



TABU 2 (Continued) 

Trans- Date Time Duration Data Binary Mean RMS Devia- 

mission (1960) on (mid Rate Failure Field, m t ion,  a 

Number (GMT) (b i t  s/sec ) (gamma) (gamma) 

a 

23 

24 

25 

26 

27 

29 

30 

31 

34 

35 

26 

37 

38 

39 

42 

43 

47 

4€ 

52 

14 

3.4 

15 

15 

15 

15 

16 

16 

16 

16 

17 

17 

13 
17 

17 

18 

18 

19 

19 

20 

1.8 : 43 14 

22 : 31 13 

03 :oi 29 

07 : 01 28 

14:03 27 

22 : 27 17 

02:Ol 30 

07:0! 34 

14:O 26 

22:Ol 20 

64 h. I 

8 J 
8 .I 

8 J 
64 \I 
8 J 
.a J 
8 J 

64 *J 
8 A/ 

8.5 

8.3 

8.3 

7.1 

4.1 

7.9 

8.7 

14.8 

7.6 

3.7 

02:Ol 

07:oi 

14:02 

18:oi 

22 :31 

14:26 

18 :01 

14 :01 

18:oi 

14 : 32 

29 8 

34 8 

28 64 

15 64 

14 8 

29 64 

14 64 

30 64 

15 64 

28 8 

.I 5.2 

J 3.4 

J 5.4 

*/ 5.9 

J 3.7 

3.8 

3- 7 

41 5.0 

J 7.2 

5.5 

0.5 

1.1 

1.0 

2.2 

1-3 

1.6 

1.4 

4.1 

1.4 

1.4 

,202 

0.8 

2.4 

2.5 

0.0 

0.4 

0.4 

2.2 

2.1 

0.6 

53 20 18 :01 15 8 .  4.2 0.8 

21 14:40 17 8 5.2 0.8 0 57 
53 21 15 :01 11 a 4.6 1 .G 

59 21 18:oi 14 8 2.6 0.9 
i 
1 - 



i TAE3LE 2 (Continued) 

RMS Devia- r-3 I mls- Date Time Duration Data Binary Mean 

mission (1~31) on ( m i d  Rate Failure F i e l d ,  m t i o n ,  Q 

h’amber (GW) (bits/sec) (gamma 1 ( gamma 1 

67 

71 

72 

76 

77 

81 

82 

86 

6 91 
92 

97 

98 

104 

105 

110 

111 

116 

11‘7 

122 

123 

wa 
129 

23 

24 

24 

25 

25 

26 

26 

27 

27 

. 28 

28 

29 

29 

30 

30 

31. 

31 

1 April 

1 ’  

2 

2 

3 

3 
- 

18:24 

14 :01 

17 :02 

13:Ol 

17 :oi 

13 : 11 

17:02 

13:03 

17:Ol 

13 : 01 

17 : 01 

13 : 27 

17 :oi 
13 :oi 

17 :02 

13 :oi 

17 :oi 
12 : 46 

16:46 

12 : 41 

16:43 

12:26 

16:31 

30 

29 

14 ‘ 

29 

14 

34 

14 

34 

14 

34 

14 

35 

14 

34 

18 

39 

14 

29 

19 

35 

19 

14 

19 

8 

a 

a 

a 

8 

8 

8 

8 

8 

8 

a 
8 

8 

8 

8 

a 
a 
8 

8 

8 

8 

8 

8 

2.5 

7.7 

8.0 

5.6 

3.9 

3.9 

3.4 

4.5 

?.9 

4.6 

5.5 

3.8 

3.8 

5.3 

5 -0 

18.4 

18.0 

7.3 

16.3 

2.7 

2.9 

3.5 

3.1 

0.6 

1.8 

1.7 

0.4 

0.7 

0.6 

2.0 

0.9 

0.6 

1.6 

0.6 

3.0 

0.5 

1.3 

1.4 

0.8 

1.5 

3.3 

3.5 

0.5 

1.5 

1.0 

0.6 
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TABLE 2 (Continued) 

Trans- Date Time Duration Data Etinary Mean RMS Devia- 

mission (i960) on (min) Rate Failure Field, m t ion,  o 

Number (GMT) (bi ts/sec (gamma) ( gamma 1 
4 

134 4 12:30 45 8 3.4 0.8 

135 4 16 :31 19 8 5.5 0.6 

138 5 12 : 32 39 8 5.5 1.3 

139 5 16:51 39 8 3.6 1.1 

140 6 12:20 35 8 3.1 0.7 

141 6 15 :07 14 8 4.4 1.9 

142 6 16:51 50 8 4.1 1.1 

143 7 12 : 17 43 8 5.7 1.3 

144 7 16:58 45 8 5.8 1.7 

148 8 12 : 10 25 8 3.2 0.7 

153 9 11 :57 29 8 3.0 0.7 

154 9 17 :06 24 8 3.8 0.3 

. 

161 11 11:42 28 8 6.4 1.8 

162 11 16:47 29 8 2.7 0 05 

166 12 11 :36 26 8 3 .o 0.9 

1C7 12 17 :02 30 8 2.8 0.7 

170 13 16:27 ' 29 8 2.9 0.6 

173 14 11:32 34 8 2 09 0.9 

174 14 17 : 10 21 8 1.0 0.5 

177 15 12 : 15 16 8 3.8 0.3 

15 17:Ol 29 8 2.8 0.5 



TABLE 3 

PIONEER v 
Parameters of Measured Magnetic Fields from Records of Transmissions 

6 and 7 with Modes of Operation (other than normal 64 bps) 

Simulated. 

Numbers marked with an asterisk indica te  records i n  which the effect 

of the inoperative binary has been simulated.  
-.I 

Transmission Data Rate Mean Value, m RMS Devia- 

Number (bits per sec) (gamma) t ion ,  Q (gamma) 

6 

7 

64. 

. 64 

I 

4.5 2.2 

4.9 2.1 

6 '  64 

y7 64 

5.5 2.8 

5.8 2.7 

6-1 

6-2 

6-3 

6-4 

6-5 

8 Simulated 4.6 

11 4.2 

11 4.8 

11 4.6 

11 4.5 

6-6 11 

6-7 11 

6-8 11 

4.6 

4.7 

4.3 

6-Average 8 Simulated 4.5 

3.0 

1.9 

2.1 

1.7 

1.8 

2.4 

3-0 

1.4 

2.2 



TABLE 3 (Continued) 

Transmission Data Rate Mean Value, m RMS Devia- 

Number (b i t s  per 6ec) (gamma 1 tion, J (gamma) 

7-1 

7-2 

7-3 

7-4 

7-5 

7-6 

* 7-7 

7-8 

7- Aver age 

8 Simulated 

I 1  

8 Simulated 

4.6 

5.2 

5.1 

5.3 

5.0 

4.6 

4.4 

4.5 

'4.8 

1.8 

2.7 

2.1 

2.0 

2.4 

2.0 

1.6 

1.7 

2.4 

6-1* 

6-2 * 

6-3 * 

6-4* 

6-5 

6-6 * 

6-7 

6-8 * 

6*-Average 

8 Simulated 

I1 

I 1  

11 

I t  

I1  

I t  

I 1  

8 Simulated 

5 -8 

5.0 

5.7 

5.7 

5.2 

5 -5 

5.5 

5 -5 

5.3 

3.3 

20 5 

-2.4 

2.4 

2.3 

2.7 

3.6 

2.4 

2.7 



TABLE 3 (Continued) 

Transmission Data Rate Mean Value, m RMS Devia-- 

Number (b i t s  per sec) (gamma) t ion,  5 (gamma) 

7-1 

7-2 

7-3 

7-4' 

7-5* 

7-6 * 

7-7, 

7-8' 

7 +--Average 

8 Simulated 

(1 

11 

11 

11 

a 

5.7 

6.4 

6.1 

6.4 

5.8 

5.4 

5.1 

5.4 

5 08 

2.7 

3.3 

3.1 

2.4 

2.7 

2.7 

2 02 

2.3 

2.7 



TABLE 4 

PIONEER v 
Characteristics of  Records Obtained at 64 BPS Rate 

Transmission Mean Field, m RMS Deviation, Q 

NO (gamma) ( gamma 1 

6 4.5 2.2 

7 4.9 2.1 

a 4.8 1.0 

9 3.6 0.7 

13 3.6 0.6 

42 3*8 0.4 

43 3.7 0.4 

a 
c 



TABLE 5 

PIONEER v 
Characteristics of  Records Obtained a t  64 BPS Rate, with the Binary 

Circuit Inoperative, Compared to  %ose of Records from Transmissions 

6 and 7. 

Transmission Mean Field, m RMS Deviation, Q 

Number (gamma) (gamma 1 

6 (simulated 5.5 2.8 

binary failure) 

7 (simulated 5.8 

binary failure) 

2.7 

12 

15 

17 

18 

22 

23 

27 

32 

37 

38 

47 

48 

5 .o 

3.4 

2.8 

2.7 

5.4 

8 05 

4 1  

2.1 

0.9 

0.7 

0.6 

2.3 

0.5 

1.3 

1.9 

2.4 

2 .5 

2.2 

2.1 



TABLE 6 

PIONEEa V 

Characteristics of Records Obtained at 8 BPS Rate Compared t o  Those 

of Records from h.ansmissions 6 and 7 

Trans- Mean RMS Devia- 

mission Field, m tion, 0 

No. (gamma) (gamma 1 

6(Simu- 4.5 2.2 

lated 8 average average 

bps) 

7(Simu- 4.8 2.4 

lated 8 average average 

bps 

10 

52 

53 

57 

58 

59 

67 

71 

72 

76 

77 

81 

4.2 1.3 

5.5 0.6 

4.2 0.8 

5.2 0.8 

4.6 1.0 

2.6 0.9 

2.5 0.6 

7.7 1.8 

8.0 1.7 

5.6 0.4 

3.9 0.7 

3.9 0.7 

Trans- Mean RMS Devia- 

mission Field, m tion, 0 

. No. (gamma) (gamma) 

82 

86 

87 

91 

92 

97 

98 

104 

105 

110 

111 

116 

117 

122 

123 

128 

129 

134 

135 

3.4 

4.5 

2.9 

4.6 

5.5 

3.8 

3.3 

5.3 

5-0 

18.4 

18.0 

7.3 

16.3 

2.7 

2.9 

3-5 

3.1 

3.4 

5.5 

2.0 

0.9 

0.6 

1.6 

0.6 

3.0 

0.5 

1.3 

1.4 

0.8 

1 *5 

3.3 

3.5 

0.5 

1.5 

1.0 

'0.6 

0.8 

0.6 



TABLE 6 (Continued) 

Trans- Mean €US Devia- Trans- M @ a n  RMS Devia- 

mission Field,m t i o n p  mission Field, m tion, 3 

No. (gamma) (gamma) NO (gama) (gamma) 

138 5 .5 1.3 161 6.4 1.8 

139 3.6 1.1 162 2.7 0.5 

140 

141 

142 

143 

144 

148 

153 

154 

3.1 

4.4 

4.1 

5.7 

5.8 

3-2 

3.0 

3.8 

0.7 166 3.0 0.9 

1.9 167 2.8 0.7 

1.1 170 2.9 0.6 

1.3 173 2.9 0.9 

1.7 174 1.0 0-5 

0.7 177 3.8 0.3 ' 

0.7 178 2.8 0.5 

0.3 



TABLE 7 

PIONEER v 
Characteristics of Records Obtained a t  8 BPS.Rate, with the Binary 

Circuit Inoperative, Compa,-ed t o  Those of Records from Transmissions 

6 and 7. 

Transmission Mean Field, m RMS Deviation, u 

Number (gamma 1 (gamma) 

6(simulated 8 bps, sin- 5.3 

ulated binary failure) average average 

7(simulated 8 bps, s i m -  5.8 2.7 

ulated binary failure) average average - 

11 

14 

16 

19 

a 
21 

24 

25 

26 

29 

30 

31 

34 

35 

36 

39 

3.9 

3.6 

3.7 

3 .? 

6.2 

2.3 

8.3 

8.3 

7.1 

7.9 

8.7 

14.8 

3.7 

5.2 

3.4 

3 .? 

1.1 

0.8 

0.0 

0.0 

2.4 

0.0 

1.1 

1.0 

2.2 

1.6 

1.4 

4.1 

1.4 

2.2 

0.8 

0 00 



FIGURE CAPTIONS 

Figure 1: 

The coordinates a re  earth-centered. 

Projections of the near-earth t r a j ec to ry  of Pioneer 5. 

The XY-plane is the plane of  

the e a r t h ' s  equator, The posit ive X-direction is the earth-sun 

d i rec t io i i  yt vcr::al equinox. The posi t ive 2-direction is north 

nlorig the c:,rih's spin axis.  The spacecraft  transmitted data 

from posi t ions indicated by the heavy dashes along the projections. 

Figure 2: Geomagnetic l a t i t ude  versus distance from the center 

of the ear th  fo r  the near-earth portion of the t ra jec tory  of 

Pioneer 5. 

Figure 3 :  Measurements of the magnetic f i e l d  recorded from Pioneer 5 

during Transmissions 2-8. 

(averages over 4-0 measurements) and are  indicated by f l ags  o r  

dots  as  explained i n  the text .  

The data shown a re  one-minute averages 

The so l id  curves represent the 

values expected at these geocentric distances for  the measured 

f i e l d  component from the  geomagnetic dipole. 

ponent is that transverse t o  the spin ax i s  of the spacecraft. 

The measured com- 



FIGURE CAPTIONS (Continued) 

Figure 4: 

Pioneer 5 during Transmissions 3-8, 

sequences of individual measurements obtained during portions 

of the indicated transmission periods. The measurements were 

obtained a t  1.5 sec. intervals .  The s o l i d  curves, as i n  

Figure 3, represent the values of the measured component expected 

from the geomagnetic dipole, 

Measurements of t he  magnetic f i e l d  recorded from 

The points shown represent 

Figure 5: Mean values, m, of the measured magnetic f i e l d  and 

mean square deviations from the means, 02, recorded during various 

periods of data transmission from Pioneer 5-  Eccept f o r  Trane- 

mission 2, the means were taken over the e n t i r e  transmission 

periods. Values  of 5 are shown f o r  Transmissions 5-8 only. 

The s o l i d  l i n e s ,  representing two values of exponential dependence 

upon geocentric distance,  r ,  a r e  shown f o r  reference. Note the 

2 

departures from these l i n e s  between Transmissions 5 and 6 i n  both 

m and Q 
2 

Figure 6: 

recorded by Pioneer 5 during Transmissions 4-9. 

spectra of Transmissions 8 and 9 t o  those of Transmissions 6 and 

7, note the differences i n  the lower-frequency half  of the spectra  

par t icu lar ly  i n  the frequency ranges about 0.6 cps.. 

Estimates of the power spectra  of the f i e l d  var ia t ions  

I n  comparing the 



FIGURE CAPTIONS (Continued) 

Figure 7: 

and shock front  i n  the plane o f t h e  t r a j ec to ry  of  Pioneer 5. "he 

boundaries were calculated by Sprei ter  and Jones (1963) f o r  a so la r  

wind of 2.5 protons 

Approximate t r aces  of the boundaries of the magnetosphere 

and 600 km/sec with a magnetic f i e l d  of 

5 Ye 

Figure 8: 

var ia t ions  obtained while a binary c i r c u i t  was inoperative.  

spectra  shown f o r  Transmissions 22 and 48 a r e  typ ica l  of those 

obtained from such records. The spectra  shown fo r  the records 

from Transmissions 6 and 7 were obtained 

the e f f e c t s  of t h i s  f a i lu re .  

Estimates of the power spectra  f o r  records of f i e l d  

The 

a f t e r  a simulation of 

F'igure 9: Examples of f i e l d  measurements recorded a t  the 8 bps data  

r a t e  during periods i n  which the measured f i e l d  exhibited r e l a t ive ly  

high l e v e l s  of a c t i v i t y  a s  determined by values o f u  obtained from 

the records, Additional examples a r e  shown i n  Figure 10. The 

measurements p lo t ted  fo r  Transmissions 6 and 7 include 2 of 8 s e t s  

of data  formed by taking every 8th recorded measurement. 

process simulates operation a t  8 bps i n  records obtained a t  64 bps. 

This 



, 

FIGURE CAPTIONS (Continued) 

Figure 10: 

a t  8 bps during periods in which the measured f i e l d  exhibited 

r e l a t ive ly  high l e v e l s  of ac t iv i ty .  (Other examples a re  shown 

i n  Figure 9 ) .  Them ncasurements may be compared with samples 

01 those  obtained during Transmissions 6 and 7 which a re  shown 

i n  Figure go 

Additional examples of f i e l d  measurements recorded 

Figure 11: 

binary c i r c u i t  was inoperative and during periods i n  which the  

measured f i e l d  exhibited r e l a t ive ly  high leve ls  of a c t i v i t y ,  

measurements shown from Transmissions 6 and 7 were obtained by 

a simulation, described i n  the tex t ,  o f  the e f f e c t s  of the 8 bps 

data rate and the inoFerative binary c i r cu i t .  

Bcamples of  f i e l d  measurements recorded a t  8 bps while 

The 
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